INTRODUCTION
One of NASA's current goals, the National Aviation Safety Goal, is to reduce the aircraft accident rate by a factor of 5 within 10 years, and by a factor of 10 within 25. One of the leading factors in fatal aircraft accidents is loss of control in flight, which can occur due to flying in severe weather conditions, pilot error, and vehicle/system failure. Focusing on helicopters system failures, an investigation in 1989 found that 32 percent of helicopter accidents due to fatigue failures were caused by damaged engine and transmission components (Astridge (1989) ). In more recent statistics, of the world total of 192 turbine helicopter accidents in 1999, 28 were directly due to mechanical failures with the most common in the drive train of the gearboxes (Learmont (2000) (Howard and Reintjes (1999) ).
Several companies manufacturer on-line inductance type oil debris sensors that measure debris size and count particles (Hunt (1993) ). New oil debris sensors are also being developed that measure debris shape in addition to debris size in which the shape is used to classify the failure mechanism (Howard, et al (1998) Slave-system oil-inlet --_ Oil-seal gas flow ---.
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Test-gear cover --, Fatigue tests were run in a manner that allows damage to be correlated to the oil debris sensor data. For these tests, run speed was l0 000 rpm and applied torque was 72 and 96 N.m. Prior to collecting test data, the gears were run-in for 1 hr at a torque of 14 N-m. The data measured during this run-in was stored, then the oil debris sensor was reset to zero at the start of the loaded test. Test gears were inspected periodically for damage either manually or using a micro camera connected to a VCR and monitor. The video inspection did not require gearbox cover removal. When damage was found, the damage was documented and correlated to the test data based on a reading number. Reading number is equivalent to minutes and can also be interpreted as mesh cycles equal to reading number times 104. In order to document tooth damage, reference marks were made on the driver and driven gears during installation to identify tooth 1. The mating teeth numbers on the driver and driven gears were then numbered from this reference. Figure 2 identifies the driver and driven gear with the gearbox cover removed.
Data was collected once per minute from oil debris, speed and pressure sensors installed on the test rig using the program ALBERT, Ames-Lewis Basic Experimentation in Real Time, co-developed by NASA Glenn and NASA Ames. Oil debris data was collected using a commercially available oil debris sensor that measures the change in a magnetic field caused by passage of a metal particle where the amplitude of the sensor output signal is proportional to the particle mass. The sensor measures the number of particles, their approximate size (125 to 1000/am) and calculates an accumulated mass (Howe and Muir (1998) This is more then the debris measured during experiment 7 (3.381 mg) when initial pitting was observed.
This and observations made from the data collected during experiments when damage occurred made it obvious that simple linear correlations could not be used to obtain the features for damage levels from the oil debris data. In order to apply this data to on-line oil debris data, calculations were made for each reading number for each bin (Table 1) using the average particle size and the number of particles for each of the sixteen bins. Mean particle size, relative kurtosis, and relative skewness were calculated for each reading for 6 of the experiments with pitting damage. It was not possible, however, to extract a consistent feature that increased in value from the data for all exigeriments. This may be due to the random nonlinear distribution of the damage progression across all 56 teeth. For this reason a more intelligent feature extraction system was analyzed and will be discussed in the following paragraphs.
When defining an intelligent feature extraction system, the gear states one plans to predict must be defined. Due to the overlap of the accumulated mass features, 3 primary states of the gears were identified: O.K (no gear damage); Inspect (initial pitting); Damage (destructive pitting). The data from state. The next largest mass measured when no damage occurred (experiment 13) was used as the upper limit of the O.K. scale.
Fuzzy logic was used to extract an intelligent feature from the accumulated mass measured by the oil debris sensor. Fuzzy logic was chosen based on the results of several studies to compare the capability of production rules, fuzzy logic and neural nets. One study found fuzzy logic the most robust when monitoring transitional failure data on a gearbox (Hall, Garga, and Stover (1999) 
CONCLUSIONS
The purpose of this research was to first verify, when using an inductance type, on-line, oil debris sensor, that accumulated mass predicts gear pitting damage. Then, using accumulated mass as the damage feature, identify a method to set threshold limits for damaged gears that discriminates between different levels of pitting damage.
In this process, the membership functions for each feature state were defined based on level of damage. From this data, and a simple fuzzy logic model, accumulated mass measured by an oil debris sensor combined with fuzzy logic analysis techniques can be used to predict transmission health. Applying fuzzy logic incorporates decision making into the diagnostic process that improves fault detection and decreases false alarms
This approach has several benefits over using the accumulated mass and an arbitrary threshold limit for determining if damage has occurred. One is that it eliminates the need for an expert diagnostician to analyze and interpret the data, since the output would be one of 3 states, O.K., Inspect, and Shutdown. Since benign debris may be introduced into the system, due to periodic inspections, setting the lower limit to above this debris level will minimize false alarms. In addition to this, a more advanced system can be designed with logic built-in to minimize these operational effects. Future tests are planned to collect data from gears with initial pitting to better define the inspect region of the model and the severity of gear damage.
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